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The genus Fulvimonas was proposed for six strains isolated from soil, and Fulvimonas soli, including all these strains, was proposed as type species of the genus (Mergaert et al., 2002) . The genus was characterized as having Gram-stainnegative, oxidase-and catalase-positive rod-shaped cells with a polar flagellum and containing iso-C 15 : 0 , iso-C 17 : 1 v9c and iso-C 17 : 0 as the major fatty acids (Mergaert et al., 2002) and phosphatidylethanolamine (PE), diphosphatidylglycerol (DPG), phosphatidylglycerol (PG), aminolipid (AL), aminophospholipid (APL) and phospholipid (PL) as the main polar lipids (Kämpfer et al., 2010) . The quinone system of the members of the genus Fulvimonas, which is a member of the family Xanthomonadaceae, was not reported, however, the main quinone system found in other members of the family Xanthomonadaceae is ubiquinone Q-8 (Finkmann et al., 2000; Kämpfer et al., 2010) .
Strain 5GHs31-2 T was isolated from a greenhouse soil sample in Yongin city, South Korea. The soil sample diluted with 0.85 % NaCl (w/v) was plated on R2A agar, incubated at 28 u C and purified. The strain was preserved by the long-term preservation method of freeze-drying.
For the phylogenetic analysis, 16S rRNA gene was amplified by using the universal primers 9F and 1512R (Weisburg et al., 1991) . Amplified products were sequenced using primers 27F, 1492R (Weisburg et al., 1991) , 518R (59-GT-ATTACCGCGGCTGCTGG-39) and 785F (59-GGATTAG-ATACCCTGGTA-39) by Solgent (Daejeon, Republic of Korea). A nearly full-length 16S rRNA gene sequence (1484 bp) of strain 5GHs31-2 T was obtained and compared with 16S rRNA gene sequences available from EzTaxon-e (Kim et al., 2012) or the GenBank database (http://blast. ncbi.nlm.nih.gov/Blast.cgi.). Sequence similarity values were calculated via the EzTaxon server. SILVA Incremental Aligner (Pruesse et al., 2012) was used for alignment of sequence data. Neighbour-joining (Saitou & Nei, 1987) , maximum-parsimony (Kluge & Farris 1969 ) and maximum-likelihood (Felsenstein, 1981) phylogenetic trees were reconstructed using MEGA version 5.0 (Tamura et al., 2011) on the basis of 1000 replications. Strain 5GHs31-2 T showed the highest sequence similarities with Fulvimonas soli LMG 19981 T (97.6 %), Dyella thiooxydans ATSB10 T (97.5 %) and Frateuria terrea VA24 T (97.4 %) while revealing less than 97 % sequence similarity with all the other species with
The GenBank/EMBL/DDBJ accession number for the 16S rRNA gene sequence of strain 5GHs31-2 T is KJ490635.
Three supplementary figures are available with the online version of this paper.
validly published names. In the neighbour-joining tree ( Fig.  1) , strain 5GHs31-2 T formed one subcluster with Fulvimonas soli LMG 19981
T with a bootstrap value of 54 %. However, maximum-parsimony and maximum-likelihood trees showed that strain 5GHs31-2 T formed an independent branch (data not shown), making it difficult to pinpoint its exact phylogenetic position.
For cellular fatty acid analysis, strain 5GHs31-2 T and Fulvimonas soli DSM 14263 T were grown on R2A medium at 28 u C to exponential phase (Sasser, 1990) . The fatty acid composition was analysed by GC using the standard Sherlock Microbial Identification System (MIDI) and identified and quantified by using the TSBA 6 database (version 6.10) of the MIDI. Menaquinones and phospholipids were extracted and purified according to the protocol of Minnikin et al. (1984) . Polar lipids were examined using two-dimensional TLC. The reagents for detections of polar lipids were the following (Collins et al., 1980) : 5 % ethanolic molybdophosphoric acid (for detection of all lipids), ninhydrin reagent (lipids containing free amino groups), Zinzadze reagent (phosphorus-containing lipids) and a-naphthol reagent (glycolipids). The DNA G+C content was determined by the fluorometric method (Gonzalez & Saiz-Jimenez, 2002 ) using SYBR Green I and a real-time PCR thermocycler (Bio-Rad). Strain 5GHs31-2 T contained iso-C 16 : 0 , summed feature 9 (iso-C 17 : 1 v9c and/or C 16 : 0 10-methyl), iso-C 15 : 0 and iso-C 17 : 0 as the major fatty acids (Table 1 ). The fatty acid profiles of strain 5GHs31-2 T and Fulvimonas soli DSM 14263 T were similar except for minor qualitative and quantitative differences (Table 1) . According to the fatty acid comparison among the genera closely related to the genus Fulvimonas, the fatty acid profiles of the members of the genus Fulvimonas were very similar to those of the members of the genera Dyella and Luteibacter and Frateuria terrea while being quite different from those of Frateuria aurantia (Anandham et al., 2011; Zhang et al., 2011) . Strain 5GHs31-2 T contained phosphatidylethanolamine (PE), phosphatidylglycerol (PG), diphosphatidylglycerol (DPG) and aminolipid (AL2) as the major polar lipids and also had several minor polar lipids such as aminophospholipids (APL1-3), aminolipid (AL1) and phospholipid (PL) (Fig. S1 , available in the online Supplementary Material). Polar lipids of strain 5GHs31-2 T are very similar to those of Fulvimonas soli DSM 14263 T , which also contained PE, PG, DPG and aminolipid (AL3) as the major polar lipids (Kämpfer et al., 2010) . Polar lipid AL2 in this study is supposed to be identical to polar lipid AL3 detected by Kämpfer et al. (2010) . On the other hand, according to Anandham et al. (2011) , who also analysed the polar lipids of the several genera such as Fulvimonas, Dyella, Luteibacter, Rhodanobacter and Frateuria aurantia, all the taxa contained phosphatidyldimethylethanolamine (PDE) as a major component. However, the spot designated as PDE by Anandham et al. (2011) is probably a misidentified amino lipid [AL2 and AL3, respectively, in this study and the study of Kämpfer et al. (2010) ]. Furthermore, it seems that 5GHs31-2 T could be distinguished from Frateuria terrea, which contained phosphatidylmonomethylethanolamine (PME) as one of the major polar lipids (Zhang et al., 2011) . In this regard, strain 5GHs31-2 T and the genera Fulvimonas, Dyella and Luteibacter shared a similar polar lipid profile while Rhodanobacter and Frateuria, with PDE or
Dyella jiangningensis PME, revealed different profiles from those. On the basis of the fatty acid and polar lipid analyses, strain 5GHs31-2 T is similar to the members of the genera Fulvimonas, Dyella and Luteibacter rather than the members of the genera Rhodanobacter and Frateuria. The major quinone of strain 5GHs31-2 T was ubiquinone 8 (Q-8) (Fig. S2) , which is consistent with other members of the family Xanthomonadaceae. The DNA G+C content of strain 5GHs31-2 T was 73.0 mol%, which was a little higher than those (71.5-71.9 mol%) of strains of Fulvimonas soli. DNA-DNA hybridization values of strain 5GHs31-2 T as a probe against Fulvimonas soli LMG 19981 T , Dyella thiooxydans ATSB10 T and Frateuria terrea VA24 T were 42±4, 38±5 and 31±6 %, respectively.
Gram staining was determined with the Difco Gram staining kit according to the manufacturer's instructions. The flagellation type was determined by transmission electron microscopy (model 912AB, LEO) with cells grown for 40 h at 28 u C in R2A medium. The temperature range for growth was determined by incubation at 4, 10, 15, 20, 25, 30, 35, 37, 40, 42 and 45 u C. The pH range for growth was determined in R2A broth that was adjusted to pH 4.0-11.0 (at 1.0 pH unit intervals) using citrate/phosphate buffer, Tris/hydrochloride buffer, HCl or NaOH (Breznak & Costilow, 1994 ). NaCl tolerance was tested by using R2A broth with different NaCl concentrations (0, (Fig. S3) . Colonies on R2A are convex, yellow, mucoid, round with clear margins after 5 days at 28 uC. Good growth occurs on R2A and NA agar, weak growth on TSA and no growth on MacConkey agar. Strain 5GHs31-2 T can be differentiated from Fulvimonas soli DSM 14263
T on the basis of catalase, growth at 45 u C, assimilation of some substrates and enzymic activities ( Table 2) . Fatty acids 1 2 iso-C 11 : 0 3.9 3.5 iso-C 11 : 0 3-OH 4.5 4.0 iso-C 12 : 0 3-OH 0.8 1.2 iso-C 13 : 0 3-OH 2.6 2.1 C 14 : 0 0.8 2 iso-C 14 : 0 0.7 0.7 anteiso-C 15 : 0 7.5 12.2 iso-C 15 : 0 13.5 12.2 C 16 : 0 6.7 1.5 iso-C 16 : 0 16.1 22.4 iso-C 16 : 1 H 2 1.0 anteiso-C 17 : 0 3.7 6.2 iso-C 17 : 0 11.9 7.8 iso-C 18 : 0 0.9 1.6 Summed feature* 3 7.1 1.6 9 16.1 17.7 *Summed feature 3 comprised C 16 : 1 v6c and/or C 16 : 1 v7c. Summed feature 9 comprised iso-C 17 : 1 v9c and/or C 16 : 0 10-methyl). are positive for aesculin and starch hydrolysis but negative for nitrate reduction, indole production, glucose fermentation, arginine dihydrolase and urease. Both strains assimilate D-glucose, maltose, sodium acetate, glycogen, propionic acid and 3-hydroxybutyric acid but do not assimilate L-arabinose, D-mannitol, N-acetylglucosamine, potassium gluconate, capric acid, adipic acid, trisodium citrate, phenylacetic acid, L-rhamnose, D-ribose, inositol, sucrose, itaconic acid, suberic acid, sodium malonate, lactic acid, L-alanine, potassium 5-ketogluconate, 3-hydroxybenzoic acid, salicin, melibiose, L-fucose, D-sorbitol, valeric acid, L-histidine, potassium 2-ketogluconate and 4-hydroxybenzoic acid. Positive for alkaline phosphatase, leucine arylamidase, valine arylamidase, acid phosphatase, naphthol-AS-BIphosphohydrolase and N-acetyl-b-glucosaminidase but negative for esterase (C4), lipase (C14), cystine arylamidase, trypsin, a-chymotrypsin, a-galactosidase, b-galactosidase, b-glucuronidase, a-mannosidase and a-fucosidase. +, Positive; 2, negative. The chemotaxonomic data such as the polar lipid and fatty acid profiles and DNA-DNA hybridization values support the hypothesis that strain 5GHs31-2 T is a representative of a novel taxon similar to the members of the genera Fulvimonas, Dyella and Luteibacter. In addition, the neighbour-joining tree showed that strain 5GHs31-2 T was clustered with Fulvimonas soli DSM 14263
T although the maximum-parsimony and maximum-likelihood trees put strain 5GHs31-2 T in an independent position within a larger group including the genera Fulvimonas, Dyella, Luteibacter, Rhodanobacter and Frateuria. In this regard, it is concluded that strain 5GHs31-2 T represents a novel species within the genus Fulvimonas, for which the name Fulvimonas yonginensis sp. nov. is proposed.
Emended description of the genus Fulvimonas Mergaert et al. 2002
The description is as given by Mergaert et al. (2002) with the following amendments. Catalase-variable. Genomic DNA G+C contents are between 71.5 and 73.0 mol%.
Description of Fulvimonas yonginensis sp. nov.
Fulvimonas yonginensis (yong.in.en9sis. N.L. fem. adj. yonginensis of or belonging toYongin, Korea, from where the type strain was isolated).
Cells are Gram-stain-negative, polar-flagellated, aerobic rods. Catalase-negative and oxidase-positive. Colonies on R2A are convex, yellow, mucoid and round with clear margins after 5 days at 28 u C. Good growth occurs on R2A and NA agar, weak growth on TSA and no growth on MacConkey agar. Grows at 15-45 u C (optimum 28-30 u C) and pH 5.0-10.0 (optimum 7.0). Tolerates NaCl up to 3 % (w/v). Hydrolyses casein, starch and tyrosine, but does not hydrolyse chitin, CM-cellulose, DNA, hypoxanthine, Tween 80 and xanthine. Positive for aesculin hydrolysis, but negative for nitrate reduction, indole production, glucose fermentation, arginine dihydrolase, urease and gelatin hydrolysis. Assimilates D-glucose, maltose, sodium acetate, glycogen, propionic acid and 3-hydroxybutyric acid, but does not assimilate L-arabinose, D-mannose, Dmannitol, N-acetylglucosamine, potassium gluconate, capric acid, adipic acid, malic acid, trisodium citrate, phenylacetic acid, L-rhamnose, D-ribose, inositol, sucrose, itaconic acid, suberic acid, sodium malonate, lactic acid, Lalanine, potassium 5-ketogluconate, 3-hydroxybenzoic acid, L-serine, salicin, melibiose, L-fucose, D-sorbitol, valeric acid, L-histidine, potassium 2-ketogluconate, 4-hydroxybenzoic acid and L-proline. Positive activities for alkaline phosphatase, leucine arylamidase, valine arylamidase, acid phosphatase, naphthol-AS-BI-phosphohydrolase and N-acetyl-b-glucosaminidase, but negative activities for esterase (C4), esterase lipase (C8), lipase (C14), cystine arylamidase, trypsin, a-chymotrypsin, a-galactosidase, bgalactosidase, b-glucuronidase, a-glucosidase, b-glucosidase, a-mannosidase and a-fucosidase. Major fatty acids are iso-C 16 : 0 , summed feature 9 (iso-C 17 : 1 v9c and/or C 16 : 0 10-methyl), iso-C 15 : 0 and iso-C 17 : 0 , and the predominant quinone is Q-8. Main polar lipids are phosphatidylethanolamine, phosphatidylglycerol, diphosphatidylglycerol and an aminolipid.
The type strain is 5GHs31-2 T (5KACC 16952 T 5DSM 28344 T ), isolated from greenhouse soil from Yongin city, South Korea. The DNA G+C content of the type strain is 73.0 mol%.
